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Survey  of  the  Regional 
Gossypium  hirsutum  L. 
Primitive  Race  Collection 
for  Flowerbud  Gossypol 

By  R.  H.  Dilday  and  T.  N.  Shaver1 

ABSTRACT 

A  survey  of  251  accessions  in  the  primitive  race  collection  of  Gossypium 
hirsutum  L.  maintained  at  Texas  A&M  University  revealed  several  sources 
with  above-average  levels  of  flowerbud  gossypol.  Flowerbuds  of  5  "lati- 
foliums,"  4  "punctatums,"  2  "morrillis,"  and  10  unknowns  had  more  than 
1.30%  bud  gossypol.  These  "races"  originated  in  Guatemala  and  Honduras 
and  the  States  of  Oaxaca,  Guerrero,  Yucatan,  and  Chiapas  in  Mexico.  Texas 
No.  197,  a  latifolium  from  Guatemala,  produced  the  highest  average  level  of 
bud  gossypol  (1.96%).  When  plant  type,  other  agronomic  characters,  and  bud 
gossypol  content  are  all  considered,  several  race  stocks  appear  to  be  better 
sources  of  high  bud  gossypol  than  the  germ  plasm  used  for  current  breeding 
programs. 


INTRODUCTION 

Gossypol,  a  polyphenols  pigment 
in  cotton  plants  (genus  Gossypium), 
interferes  with  the  growth  and 
development  of  the  bollworm, 
Heliothis  zea  (Boddie),  and  the  to- 
bacco budworm,  Heliothis  virescens 
(F.),  and  is  therefore  a  source  of 
natural  resistance  in  Gossypium 
hirsutum  L.  to  these  insects  (5-7,  9, 
ll).2  Quaintance  and  Brues  (10)  and 
Cook  (2)  were  among  the  first  to 
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2Italic  numbers  in  parentheses  refer  to 
items  in  "Literature  Cited"  at  the  end  of  this 
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realize  the  possibility  of  using  the 
pigment  glands  of  cotton  as  a  source 
of  natural  resistance  to  insect  pests. 
Later,  Bottger  et  al.  (i),  Jenkins  et 
al.  (4),  and  Lukefahr  et  al.  (8)  dem- 
onstrated the  greater  susceptibil- 
ity of  glandless  cotton,  which  con- 
tains less  gossypol  than  glanded 
cotton,  not  only  to  Heliothis  spp. 
but  also  to  other  insect  pests. 

Lukefahr  and  Martin  (7)  and 
Lukefahr  et  al.  (9)  suggested  the 
possibility  of  breeding  cotton  with 
enough  gossypol  in  the  flowerbuds 
to  prevent  their  destruction  by  boll- 
worms  and  budworms.  However, 
problems  have  been  encountered  in 
attempts  to  breed  agronomically  ac- 
ceptable stocks  with  sufficient  bud 


gossypol.  These  problems  could 
largely  be  due  to  the  limited  genetic 
diversity  utilized  in  breeding  work, 
which  has  involved  a  single  germ 
plasm  source,  a  wild  form  of  G.  hir- 
sutum  L.  endemic  to  Socorro  Island, 
Mexico.3  Although  the  gossypol  po- 
tential of  Socoito  Island  wild  cotton 
is  good,  its  poor  agronomic  charac- 
teristics are  implicit  in  the  descrip- 
tion by  Fryxell  and  Moran  (3): 
growth  habit  prostrate;  fruit  small 
(2V2-3  cm  long,  about  2  cm  wide), 
uniformly  three-loculed;  each  locule 
with  four  or  five  seeds;  seed  coat 
impermeable;  seed  hairs  tan, 
weakly  differentiated  into  lint  and 
strongly  adherent  fuzz  layers;  lint 
short  (%-inch  staple),  very  fine  and 
sparse.  Many  of  these  detrimental 
agronomic  characters  have  per- 
sisted for  many  generations  in  de- 
rivatives of  Socorro  Island  cotton 
containing  large  amounts  of  bud 
gossypol,  although  significant  im- 
provements have  been  observed  in 
recent  generations. 

Our  objective  was  to  identify 
sources  of  flowerbud  gossypol  as- 
sociated with  better  agronomic 
characteristics.  The  primitive  race 
collection  of  G.  hirsutum  L.  at  Texas 
A&M  University,  College  Station, 
was  selected  for  the  survey  because 
of  its  diversity.4  The  collection  con- 
tains about  1,000  wild  and  feral  cot- 


3Texas  accession  No.  934,  Socorro  Island 
wild. 

4The  collection  is  maintained  by  Regional 
Research  Project  S-77,  "Genetics  and  Cytol- 
ogy of  Cotton  II,"  a  cooperative  project  of 
State  agricultural  experiment  stations,  sup- 
ported by  the  U.S.  Department  of  Agricul- 
ture. Project  S-77  also  maintains  2  other 
Gossypium  collections.  The  3  collections  are 
partially  cataloged  in  "The  Regional  Collec- 
tion of  Gossypium  Germplasm"  (IS). 


ton  accessions  collected  in  Mexico, 
Central  and  South  America,  the 
Soviet  Union,  Africa,  and  numerous 
Atlantic  and  Pacific  islands. 

Many  of  the  accessions  are  cat- 
egorized into  six  "races"  (latifo- 
lium,  punctatum,  marie-galante, 
palmeri,  richmondi,  and  morrilli).5 
We  surveyed  251  of  the  Texas  ac- 
cessions consisting  of  the  six  types 
and  many  that  were  unclassified. 
MATERIALS  AND 
METHODS 

The  251  survey  entries  and  two 
check  lines  were  grown  in  1971-72 
at  Campo  Cotaxtla  near  Veracruz, 
Veracruz,  Mexico,  because  of  the 
photoperiodic  growth  habit  of  many 
of  the  accessions  in  the  primitive 
race  collection.  These  251  entries 
were  selected  for  survey  because 
of  their  phenotypic  variation,  geo- 
graphic distribution,  and  genetic  di- 
versity. The  entries  were  originally 
collected  in  Mexico  (in  the  States 
of  Guerrero,  Puebla,  Oaxaca,  Vera- 
cruz, Chiapas,  and  Yucatan),  El  Sal- 
vador, Guatemala,  Nicaragua,  and 
Honduras.  M-8,  a  doubled  haploid 
developed  by  J.  R.  Meyer  (research 
geneticist,  Agricultural  Research 
Service)  and  542,  an  inbred  line  de- 
veloped by  F.  D.  Wilson  (research 
geneticist,  Agricultural  Research 
Service)  were  the  check  materials; 
both  check  lines  produce  levels  of 
bud  gossypol  comparable  to  those  of 
standard  commercial  varieties. 

Flowerbuds  were  collected  four 
times  from  October  1971  to  March 
1972  unless  otherwise  noted.  (Col- 
lection dates  were  not  the  same  for 


5A  7th  race,  yucatanense,  is  included  in  the 
collection,  but  the  catalog  (13)  does  not  iden- 
tify accessions  belonging  to  that  group. 


2 


all  251  entries  because  of  differences 
in  fruiting  habit.)  The  flowerbuds 
were  harvested,  quick-frozen  on 
Dry  Ice,  debracted  at  Campo  Cotax- 
tla,  and  transferred  on  Dry  Ice  to 
Brownsville,  Tex.,  where  they  were 
freeze-dried  and  later  analyzed  for 
bud  gossypol  content  (percent  gos- 
sypol determined  on  a  dry-weight 
basis)  by  a  colorimetric  method  in- 
volving reaction  with  aniline  (12). 
We  made  a  minimum  of  two  deter- 
minations per  sample  per  collection 
date.  The  mean  gossypol  content  of 
each  of  the  251  entries  was  statisti- 
cally compared  to  mean  contents  of 
the  checks. 


RESULTS  AND 
DISCUSSION 

The  mean  gossypol  content  of  the 
checks  was  0.71%,  with  a  standard 
error  of  0.0188.  The  95%  confidence 
interval  has  a  low  limit  of  0.66%  and 
a  high  limit  of  0.76%.  Seventy-seven 
percent  of  the  Texas  entries  (193 
out  of  251)  had  more  than  0.76% 
gossypol.  Eight  percent  (21  of  the 
251  entries)  had  less  than  0.66%. 
Thirty-seven  entries  did  not  differ 
from  the  checks;  that  is,  their  aver- 
age gossypol  content  was  between 
0.66%  and  0.76%. 

The  21  entries  listed  in  table  1 


Table  1. — Twenty-one  G.  hirsutumrace  stocks  that  produced  more  than 
1.30%flowerbud  gossypol  at  Veracruz,  Mexico,  in  1971-72 


[In  order  of  decreasing  gossypol] 


Texas  Gossypol  Texas  Origin 

No.  (percent)  race 

197  1.96  Latifolium  Guatemala. 

490  1.69  . .  .do  Yucatan,  Mexico. 

115  1.62  Punctatum  Guatemala. 

606  1.61  Unclassified  Unknown. 

663  1.61  . .  .do  Yucatan,  Mexico. 

187  1.59  Punctatum  Guatemala. 

497  1.57  Latifolium  Chiapas,  Mexico. 

231  1.48  Punctatum  Guatemala. 

277  1.47  Morrilli  Oaxaca,  Mexico. 

306  1.47  Unclassified  Guerrero,  Mexico. 

297  1.46  Morrilli  Oaxaca,  Mexico. 

952  1.46  Unclassified  Unknown. 

499  1.44  Latifolium  Yucatan,  Mexico. 

642  1.40  Unclassified  Guatemala. 

664  1.38  . .  .do  Yucatan,  Mexico. 

114  1.37  Punctatum  Guatemala. 

102  1.35  Latifolium  Do. 

665  1.35  Unclassified  Unknown. 

674  1.33  . .  .do  Yucatan,  Mexico. 

707  1.32  . .  .do  Honduras. 

345  1.31  . .  .do  Guerrero,  Mexico. 
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produced  a  mean  gossypol  content 
greater  than  1.30%,  a  level  consid- 
ered to  be  above  the  minimum  that 
results  in  adverse  growth  and  de- 
velopment of  Heliothis  larvae. 
These  entries  are  diverse  in  both 
plant  type  and  place  of  origin,  and 
they  represent  at  least  three  distinct 
phenotypes  that  were  collected  in 
Guatemala,  Honduras,  and  Mexico 
(Chiapas,  Guerrero,  Oaxaca,  and 
Yucatan). 

The  average  bud  gossypol  of  all 
entries  ranged  from  a  high  of  1.96% 
for  Texas  No.  197  to  a  low  of  0.46% 
for  Texas  No.  639,  as  compared  with 
0.71%  for  both  check  lines  (table  2). 
The  highest  and  lowest  gossypol 
levels  at  any  individual  picking  date 
were  2.66%  for  Texas  No.  197  and 
0.29%  for  Texas  No.  321  on  De- 
cember 13,  1971,  respectively. 

The  plant  structure  of  some  of  the 
entries,  particularly  the  latifoliums, 
was  similar  to  the  Delta  phenotype 
of  several  presently  grown  commer- 
cial varieties.  Furthermore,  agro- 
nomic data  (13)  suggest  that  two 
latifoliums  (Texas  Nos.  102  and  197) 
and  three  punctatums  (Texas  Nos. 
114,  115,  and  187)  in  table  1  show 
more  potential  than  the  remaining 
entries.  Therefore,  when  plant  type, 
other  agronomic  characters,  and  bud 
gossypol  level  are  all  considered, 
several  race  stocks  in  table  1  appear 
to  be  better  sources  of  high  bud  gos- 
sypol than  the  germ  plasm  used  for 
current  breeding  programs. 
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TABLE  2. — Average  flowerbud  gossypol  content  of  251  G.  hirsutum 
race  stocks  grown  at  Veracruz,  Mexico,  in  1971-72 


Texas 

Gossypol 

No. 

(percent) 

1 

0.87 

3 

.66 

4 

.80 

5 

.78 

6 

1.15 

7 

.74 

8 

.97 

9 

1.05 

10 

.78 

11 

.80 

14 

.85 

15* 

.86 

16 

.99 

17 

1.13 

21 

.84 

22 

.83 

24 

.78 

25 

.  .81 

27 

.96 

28 

.76 

32 

.87 

33 

.99 

40 

.79 

43 

.93 

44 

1.14 

55 

.85 

57 

.96 

68 

.95 

71 

.99 

72 

1.01 

74 

.77 

79 

.98 

83 

.50 

89 

1.03 

90 

.90 

96 

.74 

102 

1.36 

103* 

.76 

104 

.92 

105 

.76 

107 

.63 

108 

.70 

110 

1.20 

112 

.97 

114 

1.37 

115 

1.62 

118 

.77 

119 

1.20 

1  exas 

(jrossypol 

1NO. 

(percent) 

128* 

1.12 

134 

1.29 

139 

.90 

141 

.80 

143 

1.05 

146 

.91 

147 

1.11 

152 

1.19 

153 

1.01 

161 

.87 

163 

1.18 

164 

.90 

165 

1.18 

180 

.95 

182 

.55 

186 

.78 

187 

1.59 

188* 

.70 

192 

.99 

196 

.92 

197 

1.96 

199* 

.75 

200 

.98 

293 

.90 

205 

.94 

206 

1.07 

208 

.76 

213* 

.67 

214 

.97 

217 

.81 

218 

.82 

219 

1.06 

220 

.93 

221 

.96 

222 

.92 

224 

.95 

228 

1.03 

229 

.76 

231 

1.46 

232 

.69 

233 

.79 

236 

.98 

238 

.82 

239 

1.08 

240 

1.01 

242 

.80 

243 

.76 

246 

.89 

Texas 
No. 


Gossypol 
(percent) 


248 
250 
251 
265 
266 
273 
275 
227 
293 
297 
301 
392 
303 
394 
306* 
307 
308* 
309~ 
310 
l311* 
312 
313 
314 
316 
318* 
320 
321 
322 
323* 
324 
325 
327 
328* 
329* 
330 
331 
332 
335 
337 
340* 
341 
343 
344* 
345* 
371 
389* 
395 
397 


1.00 
.76 

1.15 
.69 
.96 
.85 
.84 

1.48 
.99 

1.47 

1.01 
.77 
.71 
.59 

1.48 
.88 

1.30 
.83 
.71 
.86 
.68 

1.02 
.62 

1.06 

1.17 
.95 
.65 
.61 
.73 
.67 
.62 
.57 
.65 
.91 
.85 

1.00 
.80 
.63 
.64 
.79 
.99 
.75 
.80 

1.31 
.67 
.51 

1.05 
.61 
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TABLE  2. — Average  flowerbud  gossypol  content  of '251  G.  hirsutum 
race  stocks  grown  at  Veracruz,  Mexico,  in  1971-72 — Continued 


Texas 
No. 


Gossypol 
(percent) 


Texas 
No. 


Gossypol 
(percent) 


Texas 

Gossypol 

INO. 

(percent) 

687 

1.92 

695 

.70 

700 

.78 

701* 

.80 

702 

.67 

703 

.74 

705 

.73 

707 

1.32 

709 

.86 

711 

.89 

717 

.81 

731 

.87 

733 

.71 

735* 

1.03 

738* 

.81 

743 

.77 

749 

.93 

757 

.86 

937* 

.91 

938 

.86 

941 

1.25 

947 

1.25 

948 

.98 

950 

.93 

951 

1.10 

952 

1.47 

954 

.94 

955 

1.06 

958 

.68 

961* 

1.09 

1131 

.82 

1133 

1.15 

1134* 

1.12 

Checks: 

M-8 

.71 

542 

.71 

399 

404* 

406 

408 

409 

460 

461 

462 

463 

465 

466 

469 

473 

489* 

490 

492* 

497* 

499 

570 

596 

597 

600 

604 

605 

606 

607 

608 

609 

611* 

612 

615* 

616 

619 

620 

621 

622 

623* 


.66 
.66 
.89 
.56 
.89 
.78 
.78 
1.11 
1.16 
.75 
.75 
.64 
1.19 
1.21 
1.69 
1.18 
1.57 
1.44 
.75 
1.08 
.79 
.90 
.95 
1.23 
1.61 
.91 
.84 
.83 
.92 
.95 
.98 
.87 
.94 
1.00 
.97 
1.06 
1.11 


624 

627 

628 

633 

634 

635 

636 

637 

638 

639 

640 

641 

642 

643 

644 

646 

647* 

649 

655 

656 

657 

658* 

633 

664 

665 

668 

674 

675 

677 

678 

679* 

681 

682 

683 

684 

685 

686 


.82 
.82 
.67 
.64 
1.04 
.92 
.81 
.95 
.83 
.46 
.68 
.99 
1.40 
.96 
.99 
.82 
.85 
.92 
1.09 
.61 
.66 
.57 
1.16 
1.38 
1.35 
.90 
1.34 
1.15 
1.14 
.94 
.86 
1.06 
.85 
1.08 
.56 
.84 
1.10 


*Denotes  3  samples. 

1Entry  was  segregating  for  broad-leaf  and  okra-leaf  plants. 
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